Background and Purpose-In controlled trials, anticoagulation with warfarin reduces stroke risk by nearly two thirds, but the benefit has been less pronounced in clinical practice. This report describes the extent of warfarin use, its effectiveness, and its impact on medical costs among Medicare patients with nonvalvular atrial fibrillation. 
A pproximately 2.3 million people in the United States are currently diagnosed with atrial fibrillation (AF), and US Census projections estimate that count will more than double by 2050. 1 Although uncommon before 60 years of age, the prevalence of AF doubles with each decade of life and occurs in Ϸ10% of the population by 80 years. Nonvalvular AF (NVAF) is associated with a 5-fold increase in risk of ischemic stroke and accounts for 15% to 20% of all strokes. 2 Healthcare utilization associated with AF is substantial due, at least in part, to costs associated with ischemic stroke. 3 Nearly 350 000 hospitalizations and 5 million office visits were attributed to NVAF in the United States in 2001, and the costs related to managing AF were $6.65 billion (in 2005 US dollars). 4 The total direct cost to treat the first year of AF-related strokes was $2.6 billion (2003 US dollars), with well-controlled warfarin therapy projected to save more than $1.1 billion of this amount. Bleeding events resulting from prophylactic warfarin use were estimated to add an expense of $21.4 million. 5 Anticoagulation with adjusted-dose warfarin reduces the risk of ischemic stroke in patients with NVAF by one half to two thirds in clinical trials. 6 -8 For this reason, evidence-based clinical guidelines recommend anticoagulation with warfarin for patients with NVAF at moderate to high risk for stroke, who comprise Ϸ90% of the NVAF population. 9, 10 Despite an increase in warfarin use from 9% in the early 1980s to 30% by the year 2000, according to estimates from the Mayo Clinic, these rates fall short of encompassing all NVAF patients at elevated risk of stroke. 11 The stroke risk reduction in patients anticoagulated in ordinary clinical practice appears to be considerably lower, with risk reductions of 22% to 32%. 12, 13 The reduced benefit of warfarin on the risk of stroke appears to be due, at least in part, to the low prevalence and quality of anticoagulation in ordinary clinical practices compared with controlled clinical trials. One likely reason for underuse of warfarin in clinical practice is overestimation of the risk of bleeding compared with the risk of stroke, especially in elderly patients. However, evidence from trials in elderly patients demonstrates that in the absence of a clear contraindication to anticoagulation, warfarin is safe and effective for stroke prevention in this population. 8, 14 The objective of this study was to describe the current epidemiology of NVAF and incidence of ischemic stroke, hemorrhagic stroke, and bleeding events in a sample of Medicare patients from 2004 to 2006. Furthermore, we examined treatment with warfarin in this largely elderly population with NVAF and the effects of anticoagulation on the incidence of clinical outcomes described earlier, as well as associated medical costs.
Materials and Methods

Data Source
The study cohort was defined from claims between 2004 and 2005 from the Centers for Medicare and Medicaid Services 5% Sample Standard Analytic Files Limited Data Set. Claims from years 2003 and 2006 were used to establish enrollment eligibility, as well as defining baseline variables and follow-up for study outcomes. These files contain final action claims with all adjustments resolved for a 5% sample of all Medicare beneficiaries in each calendar year. Data in the files include International Statistical Classification of Diseases and Related Health Problems, Ninth Revision (ICD-9) diagnosis and procedure codes, dates of service, reimbursement amount, and beneficiary demographic information. The timing of each claim is recorded as a calendar quarter based on date of service.
Study Population
All reported codes are from the ICD-9 unless otherwise noted. Patients included in the study had at least 2 outpatient medical claims or 1 inpatient claim for AF between January 1, 2004, and December 31, 2005, with continuous eligibility for at least 4 quarters both before the first AF claim to assess medical history and for 4 quarters after the first AF claim to detect study outcomes, with the exception of patients who died before 4 quarters of follow-up elapsed to avoid excluding event-related deaths. Medicare was the primary provider for all patients. Thus, claims from 2003 were used to evaluate baseline eligibility for AF patients identified in 2004, and similarly, claims from 2006 were used to ensure a minimum follow-up of 1 year for patients identified in 2005.
Patients with reversible causes for AF were excluded from the cohort. These conditions included valvular heart disease or valve replacement, cardiac surgery, pericarditis, myocarditis, and pulmonary embolism within 1 quarter before the onset of AF, as well as concomitant hyperthyroidism (see Appendix for specific ICD-9 and Current Procedural Terminology codes used in the online-only Data Supplement, available at http://stroke.ahajournals.org).
Warfarin Exposure
The Medicare 5% data do not include prescription claims; therefore, patients with NVAF were considered to have taken warfarin therapy if they had claims for at least 3 tests of the international normalized ratio (INR) within a 4-quarter period during the study. The use of INR tests as a reasonable surrogate measure of warfarin therapy was validated from the Medicare Current Beneficiary Survey (unpublished data), with 89% sensitivity and 92% specificity. 13 Patients with NVAF satisfying the 3-claim INR test threshold were considered to be taking warfarin beginning with the quarter with the first test.
Stroke and Bleeding Risk Factors
ICD-9 and Current Procedural Terminology codes used to identify clinical conditions associated with an increased risk of stroke or hemorrhage are given in the Appendix. We used the CHADS 2 score to estimate stroke risk for each patient with NVAF. 15 The clinical conditions used to calculate CHADS 2 were prior stroke or transient ischemic attack, age Ն75 years, diabetes mellitus, hypertension, and congestive heart failure. HEMORR 2 HAGES score was used to estimate bleeding risk. 16 Conditions that compose the HEMORR 2 HAGES score are prior bleeding, hepatic or renal disease, alcohol abuse, malignancy, age Ն75 years, reduced platelet count or function, hypertension, anemia, excessive fall risk or neuropsychiatric disease, and prior ischemic or hemorrhagic stroke.
Determination of Outcomes
Outcomes of interest included ischemic stroke, hemorrhagic stroke, and major bleeds. Major bleeding events included only extracranial hemorrhages. Each outcome was identified using ICD-9 diagnosis codes, with all codes used reported in the Appendix. Previously published work was used to select the codes we used to identify ischemic stroke. 17, 18 Only strokes or bleeds resulting in a hospitalization or emergency room visit were counted as events.
Statistical Analysis
We compared patients anticoagulated with warfarin versus those who did not fulfill the study definition for warfarin use. To assess risk of stroke and bleeding outcomes, unadjusted incidence rates were computed for all patients. The effect of warfarin use on outcomes was measured by using incidence rate ratios in unadjusted analyses and Cox proportional-hazards regression in adjusted analyses. Covariates included in the ischemic stroke model were age, sex, prior bleed, prior ischemic stroke or transient ischemic attack, hypertension, diabetes mellitus, coronary heart disease, and congestive heart failure, including left ventricular dysfunction. 15, 19 For hemorrhagic stroke and major bleeding event Cox models, covariates examined were variables expected to influence risk of hemorrhagic events from evidence in the literature 13, 16 and included age, sex, prior bleed, Parkinson disease, gait abnormality, dizziness, diabetic or alcoholic polyneuropathy, esophageal varices, and dementia. Follow-up time was calculated by the number of quarters from the index date until the patient disenrolled or the study ended.
All costs are the amounts reimbursed by Medicare in 2006 US dollars. Costs were annualized by taking the average annual cost weighted by duration of follow-up. 20 Total and specific healthcare costs are reported descriptively for the entire NVAF population, by warfarin use status, and by whether the patient had an adverse event. Adjusted total annual costs by warfarin use were estimated by using a generalized linear model with log link function, 21 with covariates of age, sex, warfarin use, stroke and bleeding risk factors, and duration of follow-up with time-event interaction terms. To estimate the change in cost after an event over time, we calculated costs per quarter up to 1 year after occurrence of an adverse event among patients who had each type of event during follow-up. We analyzed only the first event for patients with multiple events. We estimated the annualized incremental cost of an outcome by taking the difference in adjusted costs between patients with each outcome and those without outcomes.
Results
The 5% sample of Medicare patients from January 1, 2004, to December 31, 2005, included 2 315 846 individuals, of whom 216 395 (9.3%) had at least 1 inpatient or 2 outpatient claims with a diagnosis of AF. Of patients with AF, 22 512 did not meet enrollment eligibility criteria, 61 727 had evidence of valvular heart disease/valve replacement, and 12 392 had other potentially reversible causes of AF, leaving a cohort of 119 764 patients with NVAF after these exclusions. The most common reasons for exclusion were evidence of valvular heart disease or valve replacement (31.8%), cardiac surgery (4.9%), and pulmonary embolism (1.3%). Prevalence of this NVAF cohort increased with age, from 5% among those Ͻ75 years old to 8.0% for individuals age 75 to 84 years, and 12.7% for ages Ն85 years. Among all patients in this cohort, 58.5% (nϭ70 057) were categorized as warfarin users and 41.5% (nϭ49 707) as nonusers ( Table 1 ). The mean age of the cohort was 79.3Ϯ8.6 years. Median CHADS 2 scores were higher for warfarin users than nonusers, whereas median HEMORR 2 HAGES scores were similar (Table 2) .
Patients with NVAF contributed 247 761 person-years of follow-up ( Table 2 ). The crude incidence of ischemic stroke in patients with NVAF was 3.6 events per 100 person-years among patients taking warfarin and 4.6 per 100 person-years for those not taking treatment. After adjusting for age, sex, and risk factors, warfarin use was associated with a 27% relative risk reduction in ischemic stroke compared with patients who did not receive warfarin. There were far fewer hemorrhagic strokes (nϭ1378) than ischemic strokes (nϭ9774) in this population of patients with NVAF, occurring at a rate of 0.56 hemorrhagic stroke per 100 person-years ( Table 2 ). The incidence of hemorrhagic stroke was lower in warfarin users than nonusers, an association that did not change appreciably after adjusting for risk factors for hemorrhage. The incidence of major bleeding was 7.6 per 100 person-years for the entire population. After adjusting for risk factors, the rate of major bleeding was slightly but significantly higher among patients treated with warfarin (Table 2) .
Patients taking warfarin had an average of 12.9 INR claims (medianϭ12.7, with a range of 0 to 200) per year. Warfarin users averaged significantly more office/outpatient visits (21 vs 13, PϽ0.0001) yet had fewer hospitalizations than nonusers (0. 8 vs 1.0, PϽ0.0001) . The aver- age total medical cost of the entire cohort was $19 888/ patient per year (Table 2) . Inpatient costs were the largest contributor to total cost, averaging $8597 per year. Patients with NVAF and no major events during follow-up had an average annual total healthcare cost of $15 718. Those who had an ischemic stroke, hemorrhagic stroke, or major bleed at any time during the study had an average cost of $43 937, $60 123, and $39 943 per year, respectively (Table 3) . For all events, costs were highest in the quarter in which the event occurred and then dropped by nearly half in the next quarter (Table 3) . Costs were also highest in the first quarter for patients who had no events, likely because the cohort would have contained a portion of incident NVAF patients whose initial treatment costs would have exceeded prevalent patients. By the fourth quarter after the event, costs had stabilized but remained nearly twice as high as those for patients who never had an event. The incremental cost relative to average annual cost of patients with no events ($15 718) was $34 201 per ischemic stroke, $44 716 per hemorrhagic stroke, and $29 965 per major bleed. After multivariate adjustment, total medical costs per patient per patient year were, on average, $9836 lower in patients taking warfarin than in patients not taking warfarin (PϽ0.0001). IRR indicates incidence rate ratio; HR, hazard ratio. Ratios compare patients receiving warfarin vs those not receiving warfarin. Multivariate analysis of ischemic stroke was adjusted for age, sex, prior bleed, prior ischemic stroke or transient ischemic attack, hypertension, diabetes mellitus, coronary heart disease, and congestive heart failure, including left ventricular dysfunction. Hemorrhagic stroke and major bleeding event model covariates included age, sex, prior bleed, Parkinson disease, gait abnormality, dizziness, chronic orthostatic hypertension, diabetic or alcoholic polyneuropathy, esophageal varices, and dementia. *PϽ0.0001 vs patients receiving warfarin from t tests (means) or 2 tests (proportions). †Mean duration of follow-up was estimated from quarterly data.
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Discussion
In this population of Medicare enrollees, 58.5% of patients with NVAF were anticoagulated with warfarin under study definitions, a rate slightly higher than estimated in this population by Lakshminarayan and colleagues in 2002. 13 The rate of ischemic stroke (3.9%) was higher than has typically been observed in clinical trials, 6, 8 potentially because of the high-risk status of this study population, which had a median CHADS 2 score of 4. Of those anticoagulated with warfarin, the incidence of stroke was lower than in patients not taking warfarin, although the benefit was not as marked as in trials. The overall medical costs were lower for patients taking warfarin than for those not taking warfarin. Our results support previous work suggesting that anticoagulation may be indicated in a larger proportion of elderly patients than is currently treated in clinical practice today. Real-world studies have shown that relative risk reduction for stroke in patients with NVAF is lower than observed in controlled clinical trials with dose-adjusted warfarin. 14, 15 In our study, the estimated risk of ischemic stroke was 27% for patients on warfarin, which is similar to the 26% reduction observed by Lakshminarayan and colleagues, who used 2000 data from a similar population of Medicare patients, 13 and to the 25% reduction relative to presumed aspirin use observed in the National Registry of Atrial Fibrillation II, a composite dataset of Medicare part A claims and chart-abstracted data from 23 657 AF patients. 22 If we assume all patients not taking warfarin were given antiplatelet therapy (aspirin or other therapies), this reduction is just over half of the 52% estimated risk reduction from trials. 23 Reasons for this disparity likely include suboptimal anticoagulation control and/or targeting lower levels of anticoagulation than those observed in clinical trials. Go and colleagues 24 demonstrated in a 2003 study that warfarin use in clinical practice can approach stroke risk reductions similar to trials (51%) with close monitoring, as 80% of these patients received warfarin in anticoagulation clinics rather than through routine medical care settings. Thus, it is important to not only ensure that patients who are eligible for warfarin receive therapy but also that the quality of care is high. The significantly lower rate of hemorrhagic stroke in patients on warfarin versus patients not taking warfarin was unexpected and unexplained. It is possible that patients at high risk of hemorrhagic events were channeled into the warfarin nonuser group in such a way that could not be identified or adequately controlled for by using claims data.
The cost-effectiveness of warfarin has been estimated previously in economic modeling studies. On the basis of information from clinical trials, Gage and colleagues 25 concluded that warfarin use is appropriate for NVAF patients with at least 1 risk factor for stroke, with treatment costing $8000 (in 1995 US dollars) per quality-adjusted life-year saved. A more recent study incorporated data from real-world warfarin use patterns and found that the cost-effectiveness of warfarin was largely dependent on the quality of anticoagulation achieved. 26 Although causation cannot be assumed, our observation suggests that in the Medicare population, costs associated with warfarin use may be offset by the reduction in ischemic stroke. After accounting for differences in patient characteristics and balancing the differential rates of adverse events plus the costs of treatment with warfarin, including monitoring, the total healthcare savings was nearly $10 000/y per patient for patients taking warfarin. Prevention of ischemic stroke without increasing the rate of hemorrhagic events remains clinically and economically important, as each bleeding event added an incremental cost of $30 000 to $45 000 per patient per year above the typical costs of treatment of patients with NVAF.
Limitations
The Medicare 5% sample data do not contain prescription information, so warfarin exposure had to be inferred from claims for INR tests. Although this method was previously validated for determining warfarin use in this dataset, 13 we cannot rule out the possibility that some misclassification of treatment stratification occurred. For example, patients who had INR testing done by home monitoring or in extended long-term care facilities would be classified as nonusers of warfarin. The observed utilization rates of short-term nursing facility and hospice care services were only marginally higher in the group of patients who never received warfarin; therefore, we believe that any underestimate of treatment with warfarin would be slight. It is also possible that patients with hepatic or hematologic disease could have received several INR tests unrelated to warfarin use but would have been considered warfarin users under our study definition. Conversely, patients who received warfarin but had poor follow-up monitoring might not satisfy the definition for warfarin use and be incorrectly categorized as nonusers. An additional limitation of the unavailability of prescription claims was that we could not determine whether patients might have received aspirin or other therapies to prevent stroke or estimate the impact of medications that might interact with warfarin. Another important weakness of this analysis is the lack of any measurement of the quality of anticoagulation. The data do not provide values for the INRs for submitted claims, so we have no way of assessing the quality of anticoagulation with warfarin, a major determinant of efficacy for prevention of stroke in patients with NVAF. Similarly, some hemorrhagic risk factors may have been more accurately measured if laboratory values had been available, such as hepatic/renal disease and reduced platelet count. 16 Finally, only the first outcome of interest that occurred was considered. It is possible that patients with multiple outcomes or those who experienced events not examined in this study may have had an impact on cost estimates that have not been considered.
Summary
Older individuals, such as those in the Medicare population, have the highest prevalence of NVAF and are also at the highest risk for ischemic stroke and bleeding. The results of this analysis suggest that the majority of Americans Ͼ65 years old with NVAF are treated with warfarin for stroke prevention. As reported in previous studies, we found that treatment with warfarin reduced the risk of ischemic stroke and was associated with significantly lower total healthcare costs. Substantial medical and economic benefits could be achieved if more patients eligible for anticoagulation were treated with appropriately dosed warfarin. Further studies with access to accurate prescription and INR laboratory data are needed to better assess the quality and extent of anticoagulation with warfarin among the high-risk elderly population.
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